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Abstract: microRNA-128 (miR-128), a kind of short, noncoding RNAs, functioned as a tumor marker. However, 
the underlying function and mechanism of miR-128 in human thyroid cancer were uncertain. Therefore, in the 
present study, the effects of miR-128 on the proliferation and apoptosis of cultured human thyroid cancer cells 
were investigated. After slicing miR-128 in human thyroid cancer cells, the proliferation was measured by methyl 
thiazolyl tetrazolium (MTT) method, the expression of miR-128, CCAAT/enhancer binding protein-α (C/EBPα), peroxi-
some proliferator-activated receptor-γ (PPARγ), Caspase-3 and Caspase-9 was determined by RT-PCR, and protein 
expression of chemokine receptor 4 (CXCR4) and Ras homolog gene family, member A (RhoA) was analyzed by 
Western blot. It was found that knockdown of miR-128 promoted the optical density (OD) value of cells, enhanced 
mRNA expression of PPARγ and C/EBPα, while inhibited cell apoptotic rate, and Caspase-3, Caspase-9 expression. 
Furthermore, higher protein expression of CXCR4 and RhoA was found in the absence of miR-128. Notably, miR-
NA-128 over-expression-inhibited proliferation and induced-apoptosis of human thyroid cancer cells were partially 
changed following the block of CXCR4/RhoA signaling pathway by the CXCR4 inhibitor (AMD3100). It was indicated 
that miR-128 down-regulated proliferation while promoted apoptosis of human thyroid cancer cells through sup-
pression of CXCR4/RhoA signaling pathway.
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Introduction

Thyroid cancer is the most common endocrine 
malignancy and its frequency is increasing [1, 
2]. Thyroid cancer is originated from follicular 
and parafollicular cells and classified into dif-
ferentiated papillary carcinoma (PTC), follicular 
carcinomas (FTC) and undifferentiated ana-
plastic carcinoma (ATC) [3, 4]. Consequently, 
there is a need for exploration of the mecha-
nism involved in thyroid cancer initiation and 
progression to improve our understanding of 
thyroid tumorigenesis and develop effective 
therapeutic strategies.

microRNAs (miRNAs) are a class of endoge-
nous, small, non-coding single-stranded RNAs 
which are also known to play important roles  
in various types of cancers [5]. Previous evi-

dence proved that miRNAs had the distinctive 
ability to function as tumor suppressors or on- 
cogenes [6]. miR-128 is one of the miRNAs, 
which has been shown to be down-expressed  
in several types of cancer including prostate 
cancer [7], bladder cancer [8], ovarian cancer 
[9] and lung cancer [10]. Increasing evidence 
suggested that constitutively expressed miR-
128 inhibited cancer cell proliferation and in- 
vasion by targeting RhoE [11], VEGF-C [8], ZEB1 
[7], p70S6K1 [12], Bmi-1 and ABCC5 [13], IT- 
GA2 and ITGA5 [14]. By contrast, miR-128 was 
reported to act as an onco-miR in primary os- 
teosarcoma [15]. However, there are still no 
data available for the expression and function 
of miR-128 in human thyroid cancer. Therefore, 
in the present study, we analyzed the function 
of miR-128 and its putative targets using hu- 
man thyroid cancer cells. Our results showed 
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that miR-128 expression was down-regulated  
in human thyroid cancer cells. Enhanced ex- 
pression of miR-128 inhibited the proliferation 
and promoted the apoptosis in human thyroid 
cancer cells by targeting CXCR4/RhoA signal- 
ing pathway, suggesting that miR-128 might  
act as a suppressor of thyroid cancer.

Materials and methods

Cell culture

The human thyroid cancer cells purchased from 
the Type Culture Collection of the Chinese Aca- 
demy of Sciences (Shanghai, China) were cul-
tured in RPMI-1640 medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplement-
ed with 10% (v/v) fetal bovine serum, 100  
IU/mL penicillin, and 10 mg/mL streptomycin. 

Cells were incubated at 37°C in a humidified 
atmosphere of 5% CO2 in air. The medium was 
changed every three days and cells were sub-
cultured before forming confluent monolayer.

Treatments

The experiments were randomly divided into 
the following groups: Control, miR-128 siRNA 
control, miR-128 mimic control, miR-128 siRNA 
treatment, miR-128 mimic treatment, AMD31- 
00 treatment, and miR-128 mimic plus AMD31- 
00 treatment. AMD3100 was purchased from 
Santa Cruz Biotechnology (2145 Delaware Ave 
Santa Cruz, CA, USA). miR-128 mimic (sen- 
se: UAGCUUAUCAGACUGAUGUUGA; anti-sense: 
AACAUCAGUCUGAUAAGCUAUU) and miR-128 
siRNA were purchased from Genepharma (Sh- 
anghai, China).

Cell viability assay

MTT method was used to determine cell viabil-
ity of human thyroid cancer cells. Cells were 
seeded in 96-well plates at a density of 2.0× 
103/mL in RPMI-1640 medium containing 10% 
FBS for 24 h, then the medium was changed 
and the cells were cultured in a serum-free 
medium. After incubation for 24 h, cells were 
incubated with 3 µg miR-128 in fresh RPMI-
1640 medium using HiPerFect (Qiagen, Valen- 
cia, CA, USA). At 48 and 72 h, cell proliferation 
was evaluated. The 490 nm absorbance was 
measured using a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Flow cytometry

A total of 2.0×103 human thyroid cancer cells 
were seeded onto a 96-well plate and 24 h 

Table 1. Primers used in this study
Gene Serial number Primers
β-actin M28424.1 Sense: 5’-CTTAGCACCCCTGGCCAAG-3’

Antisense: 5’-GATGTTCTGGAGAGCCCCG-3’
Caspase-3 AY219866.1 Sense: 5’-TTTGTTTGTGTGCTTCTGAGCC-3’

Antisense: 5’-GATGTTCTGGAGAGCCCCG-3’
C/EBPα NM_001287424.1 Sense: 5’-TGCGCAAGAGCCGAGATAAAG-3’

Antisense: 5’-TCACGGCTCAGCTGTTCCAC-3’
miR-128 NR_029672.1 Sense: 5’-ACACTCCAGCTGGGTCACAGTGAACCGGTC-3’

Antisense: 5’-TGGTGTCGTGGAGTCG-3’
PPARγ NM_013261.3 Sense: 5’-TGAACGACCAAGTAACTCTCCTC-3’

Antisense: 5’-GCTTTCGCAGGCTCATTTAG-3’

Figure 1. miR-128 expression was down-regulated 
in human thyroid cancer cells. Expression of miR-
128 was measured by real time RT-PCR in human 
thyroid cancer cells and normal human thyroid cells 
at 48 and 72 h. Three individual experiments were 
performed and each treatment had five replicates. 
Results were presented as mean ± SD. *P<0.05 or 
**P<0.01 compared with control.
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Figure 2. miR-128 down-expression promoted the proliferation of human thy-
roid cancer cells. Expression of miR-128 in human thyroid cancer cells was 
measured after miR-218 slicing (A). Treated with siRNA control or miR-128 
siRNA for 48 and 72 h, cell proliferation of human thyroid cancer cells was 
determined by MTT assay (B). Three individual experiments were performed 
and each treatment had five replicates. Results were presented as mean ± 
SD. *P<0.05 or **P<0.01 compared with control.

later treated with miR-128 siRNA control, miR-
128 mimic control, miR-128 siRNA, miR-128 
mimic, AMD3100, and miR-128 mimic plus 
AMD3100, and cell apoptotic rate was identi-
fied by Flow cytometry according to the manu-
facturer instructions. Cell apoptotic rate was 
analyzed using a FACScan Flow Cytometry ap- 
paratus (BD Biosciences, San Jose, CA, USA). 

Western blot analysis

The examination of the protein expression lev-
els of CXCR4 and RhoA was performed sepa-
rately using Western blot analysis. Total protein 
was extracted and the protein concentration 

128

For stable transfections, human thyroid cancer 
cells in the exponential growth phase were 
grown to 65% confluence and then transfect- 
ed with 3 μg of miR-128 specific siRNA con-
struct, miR-128 mimic, miR-128 mimic con- 
trol or non-targeting siRNA using HiPerFect 
(Qiagen, Valencia, CA, USA) according to the 
manufacturer’s protocols. After cells were cul-
tured in medium for 48 h, the efficiency of  
miR-128 siRNA was determined by RT-PCR. 
miR-128 specific siRNA was as follows: UCAA- 
CAUCAGUCUGAUAAGCUA; miR-128 siRNA con-
trol: CAGUACUUUUGUGUAGUACAA. 

was measured according to 
the published report [16]. 
Antibodies were purchased 
from Santa Cruz Biotechno- 
logy, CA, USA. Band density 
was quantitated using Image 
J software.

Gene expression analysis

Expression of miR-128, PP- 
ARγ, Caspase-3, Caspase-9 
and C/EBPα in human thy- 
roid cancer cells was deter-
mined at indicated times by 
RNA preparation and quanti-
tative reverse transcription 
polymerase chain reaction 
(RT-PCR). Briefly, total cellular 
RNA was isolated from cells 
on 6-well plates using TriZOL 
reagent following the manu-
facturer’s instructions (Invi- 
trogen, Carlsbad, CA, USA). 
Real time RT-PCR analysis 
was carried out using the 
QuantiTect SYBR Green RT- 
PCR Kit (Qiagen, Valencia, CA) 
under the ABI Prism 7500 
Sequence Detector (Applied 
Biosystems, Foster City, CA, 
USA). β-actin expression was 
used as an internal control. 
Specific primer sequences 
were synthesized in BIO- 
SUNE Biological Technology 
Corp (Shanghai, China), and 
the sequences of the pri- 
mers were shown in Table 1.

Stable transfection of miR-
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Statistical analysis

All results were analyzed using SPSS 17.0 sta-
tistical software (IBM, Armonk, NY, USA). Data 
are presented as the mean ± standard devia-
tion (SD). Student’s two-tailed t-test was used 
to determine the statistical differences betw- 
een the treatment and control groups. P< 
0.05 was considered to indicate a statistically 
significant difference.

led to approximately 26.06% to 32.13% pro- 
motion of cell viability at 48 and 72 h (P< 
0.05) (Figure 2B). It was indicated that miR- 
128 down-regulation promoted the prolifera-
tion of human thyroid cancer cells.

Down-regulated miR-128 expression inhibited 
the apoptosis of human thyroid cancer cells

In order to further explore the effect of miR-128 
on apoptosis of human thyroid cancer cells, we 

Figure 3. Apoptosis of human thyroid cancer cells was reduced by miR-128 
down-expression. Following transfection with siRNA control or miR-128 siR-
NA for 48 and 72 h, the apoptotic rate of human thyroid cancer cells was 
measured by Flow Cytometry. Three individual experiments were performed 
and each treatment had five replicates. Results were presented as means ± 
SD. *P<0.05 or **P<0.01 compared with control.

Figure 4. miR-128 changed the expression levels of cell growth and apoptotic 
mediators. The expression profiles of cell proliferation and apoptotic media-
tors including PPARγ, C/EBPα, Caspase-3 and Caspase-9 in human thyroid 
cancer cells were analyzed using RT-PCR. Three individual experiments were 
performed and each treatment had five replicates. Results were presented 
as means ± SD. *P<0.05 or **P<0.01 compared with control.

Results

Down-regulation of miR-128 
expression was found in hu-
man thyroid cancer cells

In order to investigate the 
possible roles of miR-128 in 
thyroid cancer, we first exam-
ined the expression of miR-
128 in human thyroid cancer 
cells by real time RT-PCR. As 
shown in Figure 1, at 48 and 
72 h, the expression levels of 
miR-128 were obviously low-
ered in human thyroid cancer 
cells compared with normal 
human thyroid cells (P<0.05). 
These results indicated that 
miR-128 might play a sup-
pressing miRNA in the de- 
velopment of human thyroid 
cancer.

Down-regulated miR-128 
expression promoted the 
proliferation of human thyroid 
cancer cells

The effects of miR-128 on  
the regulation of cell viability 
were evaluated using MTT 
assay in cultured human thy-
roid cancer cells. After cells 
were transfected with miR-
128 siRNA for 48 and 72 h, 
the expression of miR-128 
was significantly down-re- 
gulated (P<0.05), indicating 
that miR-128 siRNA cons- 
truct could be used in the  
following experiments (Figure 
2A). The results from MTT 
assay showed that down-re- 
gulated miR-128 expression 
in human thyroid cancer cells 
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applied Flow Cytometry to test the level of 
apoptosis. Results in Figure 3 showed that  
slicing of miR-128 could obviously decrease  
the apoptotic rates of human thyroid cancer 
cells at 48 and 72 h in comparison with the 
control (P<0.05), and the results at 72 h pre-
sented most significant.

Down-regulated miRNA-128 expression regu-
lated the levels of cell growth and apoptotic 
mediators

The expression profiles of cell proliferation  
and apoptotic mediators were analyzed by 
RT-PCR. It was suggested that, compared to 
the control groups, the cell proliferation indica-
tors including PPARγ and C/EBPα, were signifi-
cantly promoted in miR-128 down-regulated 
human thyroid cancer cells (P<0.05). In con-
trast, the expression of pro-apoptotic regulator 
Caspase-3 and Caspase-9 in miR-128 slicing 
human thyroid cancer cells were significant- 
ly down-regulated compared with the control 
cells (P<0.05) (Figure 4).

Down-regulated miR-128 expression activated 
CXCR4/RhoA signaling pathway

To evaluate the effects of miR-218 on CXCR4/
RhoA signaling pathway in human thyroid can-

cer cells, protein expression of CXCR4 and 
RhoA was determined separately by Western 
blot analysis (Figure 5A). Results of band ratio 
analysis showed that knockdown of miR-218 
markedly promoted the protein expression level 
of CXCR4 and RhoA (P<0.01, Figure 5B), indi-
cating that miR-218 down-regulation activated 
CXCR4/RhoA signaling pathway in human thy-
roid cancer cells.

CXCR4/RhoA signaling pathway was the target 
of miR-128

To determine whether CXCR4/RhoA signaling 
pathway was required for cell proliferation and 
apoptosis following stimulation of miR-128,  
we used miR-128 mimics to up-regulate miR-
128 expression and ADM3100 to block CX- 
CR4/RhoA signaling pathway in cultured hu- 
man thyroid cancer cells. Each mimic enhan- 
ced expression of its target gene by 2.5 times 
at 24 h and 4.2 times at 48 h (Figure 6A). After 
blocking CXCR4/RhoA signaling pathway with 
AMD3100 for 48 h, CXCR4 expression was sig-
nificantly decreased (Figure 6B). It was obser- 
ved that, compared to the control cells without 
miR-128 mimic stimulation, there was a signifi-
cant inhibition in cell proliferation (Figure 6C) 
and the expression of PPARγ and C/EBPα (Fig- 
ure 6E) in miR-128 mimic-treated cells (P< 
0.01). Moreover, miRNA-128 over-expression 
promoted the apoptotic rate (Figure 6D), and 
mRNA expression of Caspase-3 and Caspase- 
9 in cells significantly (Figure 6E). In addition, 
AMD3100 alone decreased cell proliferation 
while promoted cell apoptosis of human thy- 
roid cancer cells (P<0.01). However, there was 
no difference between AMD3100-treated cells 
and AMD3100 plus miR-128 mimic-treated 
cells (P>0.05). All results above indicated that 
the CXCR4/RhoA signaling pathway was in- 
volved in miRNA-128-meditated proliferation 
and apoptosis of human thyroid cancer cells.

Discussion

The current study demonstrated that miR-128 
expression was significantly reduced in human 
thyroid cancer cells. Moreover, over-expression 
of miR-128 led to the suppression ofCXCR4/
RhoA signaling pathway, which subsequently 
inhibit thyroid cancer cell proliferation and pro-
moted cell apoptosis in vitro. Our results under-
lined a fundamental role of miR-128 as a tumor 
suppressor in thyroid cancer.

Figure 5. miR-128 down-expression activated 
CXCR4/RhoA signaling pathway in human thyroid 
cancer cells. After cells were treated with siRNA con-
trol or miR-128 siRNA for 48 h, protein expression 
of CXCR4 and RhoA was determined by Western blot 
(A). Furthermore, band relative ratio was analyzed 
using Image J software (B). Three individual experi-
ments were performed and each treatment had 
three replicates. Results were presented as means 
± SD. *P<0.05 or **P<0.01 compared with control. 
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Numerous evidences suggested that miR-128 
was abnormally expressed in many kinds of 
malignant cancers, acting as oncogenes or tu- 
mor repressors. In the majority of cases, miR-
128 functioned as a tumor inhibitor and its 
expression was frequently changed in tumor 
cells [17]. Recent studies have found the dif-
ferential expression of miR-128 in many type  
of cancers, such as lung cancer [18], glioma 
[19, 20], prostate cancer [21], ovarian cancer 
[22], and breast cancer [13]. miR-128 levels 
displayed a significant reduction in prostate 
cancer [21]. After investigating 57 breast can-
cer patients, Zhu et al. (2011) demonstrated 
that the level of miR-128 expression in breast 
cancer tissues was reduced and correlated 
with the response of breast tumor patients to 
novel adjuvant chemotherapy and the survival 
of patients. However, the levels of miR-128 ex- 
pression in the other tumor tissues were obvi-
ously different [13]. Zhu et al. (2012) detected 
the acute leukemia (AL)-related miRNAs by  
qRT-PCR, and found that miR-128 was high- 
ly expressed in acute lymphoblastic leukemia 
(ALL) patients [23]. Volinia et al. (2006) mea-
sured 540 different kinds of malignant tumor 
samples using a large-scale miRnome analy- 
sis and found that miR-128 expression was  
significantly up-regulated in tumor tissues of 
colon, lung and pancreatic cancer [24]. In addi-
tion, the expression level of miR-128a was up-
regulated in undifferentiated gastric cancer tis-
sues while mir-128b was down-regulated [25]. 
In this study, we proved that the miR-128 ex- 
pression level was significantly reduced in hu- 
man thyroid cancer cells.

Recent studies demonstrated that miR-128 
served as an important role in regulating grow- 
th, invasiveness, differentiation and apoptosis 
of different types of tumor cells. For example, 
up-regulated miR-128 expression significant- 
ly inhibited cell viability approximately 20 to 
40% in head and neck squamous cell carcino-
ma lines JHU-13 miR-128 and JHU-22 [26]. 
miR-128 over-expression inhibited glioma cells 

proliferation by targeting transcription factor 
E2F3a [27] or p70S6K1 [12]. It has been  
proposed that up-regulated miR-128 reduced 
cell motility and invasiveness in neuroblasto- 
ma [28] and prostate cancer [21]. miR-128 
over-expression mediated cell apoptosis via 
inhibition of NTRK3 and Bax expression and 
up-regulation of BCL2 in neuroblastoma and 
embryonic kidney cells [29, 30]. Over-expre- 
ssion of miR-128 significantly inhibited hepa- 
tocellular carcinoma cell proliferation and me- 
tastasis via ITGA2 and ITGA5 [14]. Further- 
more, over-expression of miR-128 increased 
cell death in programmed acute myeloid leu- 
kemia but had no effect on cell cycle profile, 
apoptosis or autophagy [31]. In contrast, knock-
down of miR-128 was shown to promote lung 
cancer cell growth and colony formation by in- 
hibiting AKT phosphorylation [10]. Zhou et al. 
(2015) further indicated that over-expression 
of miR-128 inhibited cell proliferation, migra-
tion and invasion of bladder cancer cells. How- 
ever, knockdown of miR-128 exerted the oppo-
site functions [8]. Our study also suggested 
that down-regulated miR-128 promoted cell 
proliferation while inhibited cell apoptosis of 
human thyroid cancer cells, and up-regulated 
miR-128 had exactly the reverse effects.

Exerting control in the major cellular pathways 
has shown to play a crucial role in mediat- 
ing tumor cell proliferation, differentiation and 
survival. In ovarian cancer, glioblastoma and 
breast tumor-initiating cells, over-expression of 
miR-128 might promote chemosensitivity via 
different signaling pathways [9, 13, 32]. Ectopic 
High expression of miR-128 significantly pro-
moted while suppression of miR-128 inhibi- 
ted the proliferation of MG63 and U2OS cells 
by PTEN/AKT signaling [33]. Over-expression of 
miR-128 could inhibit proliferation and indu- 
ce apoptosis in U251 cells, and those effects 
could be restored by miR-128 knockdown by 
directly targeting RhoE [11]. Chemokine recep-
tors, such as CXCR4, are G-protein-coupled re- 
ceptors. CXCR4 is frequently over-expressed in 

Figure 6. miR-128 over-expression inhibited cell proliferation and induced cell apoptosis in human thyroid cancer 
cells through CXCR4/RhoA signaling pathway. After cells were transfected with miR-128 mimics for 24 and 48 h, 
miR-218 expression was measured by RT-PCR (B). After CXCR4/RhoA signaling pathway was blocked using AMD-
3100, protein expression of CXCR4 was tested by Western blot (A). After cells were treated with miR-128 mimics, 
AMD-3100 or miR-128 mimic plus AMD-3100, cell proliferation (C), the apoptotic rate (D) and mRNA expression of 
PPARγ, C/EBPα, Caspase-3 and Caspase-9 (E) were demonstrated. Three individual experiments were performed 
and each treatment had five replicates. Results were presented as means ± SD. *P<0.05 or **P<0.01 compared 
with control.
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malignant tumors of the breast and other tis-
sues [34, 35]. Thus, CXCR4 is considered as  
an important diagnostic and therapeutic tar- 
get for human malignancies, and CXCR4 sig- 
naling has demonstrated to be involved in the 
regulation of growth, motility and metastatic 
homing of primary tumor cells, as well as mo- 
dification of the tumor microenvironment [34-
36]. Previous reviews focused on CXCR4 sig- 
naling events and demonstrated that CXCR4 
could activate RhoA signaling to regulate tu- 
mor cell viability and migration [37, 38]. Our 
results suggested that miR-128 played an im- 
portant role in the proliferation and apoptosis 
of human thyroid cancer cells by directly regula-
teing CXCR4/ RhoA signaling.

In conclusion, miR-128 acted as a tumor sup-
pressor to inhibit the proliferation of human 
thyroid cancer cells by directly targeting CXCR4/
RhoA signaling pathway. Our results brought  
a better understanding in function and its po- 
tential molecular mechanism of miR-128, and 
further provided valuable information for devel-
oping novel diagnostic markers and targeted 
therapy in human thyroid cancer.
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